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 Gastroesophageal refl ux disease (GERD) is a chronic condition 
whose symptoms — heartburn and refl ux — aff ect one-fi ft h of the 
population in a given week ( 1,2 ). Long-standing symptoms of refl ux 
can progress to Barrett ’ s esophagus and esophageal cancer ( 3 – 5 ). 
GERD oft en coexists with asthma, posttraumatic stress disorder 
(PTSD), or other psychological comorbidities  (6 – 8), although it is 
unclear which of these conditions may cause the others, or whether 
they are caused by common stressors ( 9 – 11 ). All three conditions 
(GERD, asthma, PTSD) were found to be elevated in persons 
exposed to the World Trade Center (WTC) terrorist attacks of 
September 11 2001, in several populations with diff ering experi-
ences ( 12 – 17 ). Th ere is considerable evidence that asthma and 
PTSD were caused by WTC exposures ( 13,15,16,18 – 20 ), but an 
independent eff ect of exposure on GERD has not been established. 
 In this report we examine associations between 9 / 11 exposures 
and subsequent development of symptoms indicative of GERD 
(which we denote as gastroesophageal refl ux symptoms (GERS)) 
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 OBJECTIVES:  Excess gastroesophageal refl ux disease (GERD) was reported in several populations exposed to the 
September 11 2001 (9 / 11) terrorist attacks on the World Trade Center (WTC). We examined new 
onset gastroesophageal refl ux symptoms (GERS) since 9 / 11 and persisting up to 5 – 6 years in relation 
to 9 / 11-related exposures among the WTC Health Registry enrollees, and potential associations with 
comorbid asthma and posttraumatic stress disorder (PTSD). 
 METHODS:  This is a retrospective analysis of 37,118 adult enrollees (i.e., rescue / recovery workers, local residents, 
area workers, and passersby in lower Manhattan on 9 / 11) who reported no pre-9 / 11 GERS and who 
participated in two Registry surveys 2 – 3 and 5 – 6 years after 9 / 11. Post-9 / 11 GERS (new onset since 
9 / 11) reported at fi rst survey, and persistent GERS (post-9 / 11 GERS reported at both surveys) were 
analyzed using log-binomial regression. 
 RESULTS:  Cumulative incidence was 20 % for post-9 / 11 GERS and 13 % for persistent GERS. Persistent 
GERS occurred more often among those with comorbid PTSD (24 % ), asthma (13 % ), or both (36 % ) 
compared with neither of the comorbid conditions (8 % ). Among enrollees with neither asthma nor 
PTSD, the adjusted risk ratio (aRR) for persistent GERS was elevated among: workers arriving at 
the WTC pile on 9 / 11 (aRR  =  1.6; 95 % confi dence interval (CI) 1.3 – 2.1) or working at the WTC 
site   >  90 days (aRR  =  1.6; 1.4 – 2.0); residents exposed to the intense dust cloud on 9 / 11 
(aRR  =  1.5; 1.0 – 2.3), or who did not evacuate their homes (aRR  =  1.7; 1.2 – 2.3); and area workers 
exposed to the intense dust cloud (aRR  =  1.5; 1.2 – 1.8). 
 CONCLUSIONS:  Disaster-related environmental exposures may contribute to the development of GERS. GERS may be 
accentuated in the presence of asthma or PTSD. 
 Am J Gastroenterol 2011; 106:1933–1941;  doi: 10.1038/ajg.2011.300; published online 6 September 2011 
 1 New York City Department of Health and Mental Hygiene ,  New York ,  New York ,  USA ;  2 Department of Epidemiology, Mailman School of Public Health, Columbia 
University ,  New York ,  New York ,  USA ;  3 Epidemiology and Biostatistics Program, City University of New York School of Public Health – Hunter College ,  New York , 
 New York ,  USA .   Correspondence:  Jiehui Li, MBBS, MSc ,  New York City Department of Health and Mental Hygiene , 42-09 28th Street, Long Island City, 
 New York ,  11101 ,  USA . E-mail:  jli3@health.nyc.gov 
 Received 4 April 2011; accepted 10 August 2011 
see related editorial on page 1942











 Li  et al . 
in a World Trade Center Health Registry ( “ Registry ” ) cohort. We 
evaluated these associations separately in persons with and without 
comorbid post-9 / 11 asthma or PTSD in order to determine whether 
exposure predicts excess GERS independently of asthma or PTSD. 
We further describe the cumulative incidence of GERS in persons 
with varying degrees of comorbidity in order to better appreciate 
the unrecognized magnitude of the problem and to underscore the 
necessity for coordinated medical care for persons with physical 
and mental health problems related to the WTC attacks. 
 METHODS 
 Study enrollees 
 Th e Registry was established in 2002 to monitor the health 
consequences of exposure to the attacks on the WTC towers and 
the aft ermath. In total, 71,437 persons voluntarily enrolled and 
completed an initial interview in 2003 – 04 (Wave 1, W1) ( 21 ). 
A follow-up questionnaire (Wave 2, W2) was completed in 
2006 – 07 by 68 % of the W1 adult enrollees ( 16 ). 
 A total of 37,118 adult enrollees who completed the W2 survey were 
included in this analysis. We excluded: (i) those who reported hav-
ing GERD symptoms before September 11 2001 ( n  =  5,735) or who 
had incomplete or missing information on GERD symptoms at W1 
( n  =  356); (ii) 2,713 enrollees who were employed by the Fire Depart-
ment of New York City, because periodic physical examinations 
required for continued employment as fi refi ghters may introduce 
substantial surveillance bias; (iii) students and school staff  ( n  =  74), 
because of small numbers; (iv) those who reported esophageal or 
stomach cancer ( n  =  10) at W1, or were pregnant on 9 / 11 ( n  =  316). 
 Eligibility groups were categorized in a mutually exclusive, 
hierarchical order, with rescue / recovery workers and volunteers 
( n  =  16,008) fi rst, followed by lower Manhattan residents ( n  =  5,642), 
lower Manhattan area workers ( n  =  13,491), and passersby, south 
of Chambers Street in lower Manhattan on 9 / 11 ( n  =  1,977) ( 16 ). 
 Outcome 
 Both W1 and W2 questionnaires elicited a history of heartburn, 
indigestion, or refl ux symptoms (GERS) suggestive of possible 
GERD. At W1, we asked,  “ Since 9 / 11, have you experienced heart-
burn, indigestion, or refl ux? ” If the answer was positive, we fur-
ther asked,  “ Before 9 / 11 did you have heartburn, indigestion, or 
refl ux? ” At W2, we asked,  “ Have you experienced heartburn, indi-
gestion, or refl ux in the last 30 days? ” and  “ Number of days ” hav-
ing the symptom. We categorized the study outcomes as post-9 / 11 
GERS and persistent GERS. Post-9 / 11 GERS was defi ned as any 
new onset of GERS since September 11 2001 that was reported at 
W1. Although the W2 survey did not indicate whether enrollees 
experienced episodic GERS between W1 and W2, GERD symp-
toms are oft en intermittently present for more than 5 years ( 2 ). 
Th erefore, we defi ned  “ persistent post-9 / 11 GERS ” as reporting 
 “ post-9 / 11 GERS ” at W1 and in the 30 days before W2. 
 Exposure and covariates 
 Disaster-related exposures were defi ned by experiences com-
mon to all groups as well as unique group-specifi c exposures 
as described in earlier Registry reports ( 16,21 ). Common expo-
sures included level of exposure to the dust / debris cloud on 
9 / 11 from the collapse of the WTC towers (none, some, intense) 
and the number of specifi c traumatic events witnessed on 9 / 11 
(0, 1 to 2,  ≥ 3) ( 16 ). Group-specifi c exposures to 9 / 11-related 
dust / debris included the date of arrival and days worked at 
WTC site (for rescue workers), absence of evacuation from and 
damage to home (for residents), and damage to workplace (for 
area workers). 
 Covariates included demographics (age at enrollment, sex, 
race / ethnicity, household income in 2002, and education), smok-
ing status, and source of enrollment (self- vs. list-identifi cation) 
obtained in W1. List-identifi cation was a method of recruitment 
where potential enrollees were contacted for interviews from the 
lists provided by the employers, government agencies, and other 
entities. Self-identifi ed enrollees either pre-registered on the 
Registry website and were contacted for an interview or called a 
toll-free number for an interview. 
 Enrollees were classifi ed as having asthma, based on self-
reported history of physician-diagnosed asthma or reactive air-
ways dysfunction syndrome. Th ey were classifi ed as having PTSD, 
based on self-reported history of PTSD diagnosis or responses to 
the PTSD Checklist — Civilian Version, a validated, self-reported 
17-item symptom scale that corresponds to DSM-IV diagnostic 
criteria and which is oft en used when a clinical interview is not 
feasible ( 22,23 ). A score of  ≥ 44 was indicative of probable PTSD. 
Using these defi nitions, comorbidity in this report refers to those 
enrollees with asthma, PTSD, or both. 
 Data analysis 
 We calculated the cumulative incidence of post-9 / 11 GERS by 
dividing the number of persons with post-9 / 11 GERS during 
the study period by the number of subjects at-risk for post-9 / 11 
GERS at the beginning of the study. We describe the distributions 
of post-9 / 11 GERS and persistent GERS by demographics, enroll-
ment source, smoking status, and each eligibility group accord-
ing to the 9 / 11 exposure variables and the presence or absence of 
asthma and PTSD. Th e Cochran – Armitage trend test (two-sided) 
( 24 ) was used to determine whether the gradients of exposure 
were associated with outcomes. 
 Th e cumulative incidence ratio (risk ratio (RR)) for persistent 
GERS in relation to 9 / 11-related exposures was analyzed using 
log-binomial regression ( 25,26 ), with separate models for each eli-
gibility group, and adjustment for age, sex, race / ethnicity, enroll-
ment source, and smoking status. Log-binomial regression was 
used because the outcome prevalence exceeds 10 % in our sample 
and this method enables us to compute the RR directly. Educa-
tion and income were not included in the multivariate models to 
preserve the statistical effi  ciency because the likelihood ratio test 
for the diff erence between models with and without these two 
variables provided a statistically nonsignifi cant value. To study 
the potential eff ects of asthma and PTSD, the associations of 
GERS with 9 / 11-related exposures were examined in the bivariate 
and multivariate analyses separately for the comorbid and 
non-comorbid groups. 
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 All data analyses were performed using the SAS soft ware (SAS 
Institute, Cary, NC, version 9.1.3). Th is study was approved by the 
Institutional Review Boards of the NYC Department of Health 
and Mental Hygiene, and the Centers for Disease Control and 
Prevention. 
 RESULTS 
 Th e overall cumulative incidence of post-9 / 11 GERS was 20.3 % 
( n  =  7,536) at W1; 64.6 % ( n  =  4,870) of those aff ected were deemed 
to have persistent GERS at W2 (cumulative incidence of 13.1 % ). 
Th e distributions of these two outcomes by subgroup are shown in 
 Table 1 . Post-9 / 11 GERS was reported equally by men and women, 
and less oft en among persons 18 – 24 years of age (10.9 % ). It was 
reported more frequently among the Hispanics (31.6 % ), adults 
with income below  $ 25,000 (25.6 % ), current smokers (26.3 % ), 
and persons with lower education levels (e.g., 30.4 % among those 
without a high school diploma). Among the four eligibility groups, 
post-9 / 11 GERS was highest in rescue workers (22.5 % ) and lowest 
in residents (16.0 % ). 
 Th e cumulative incidence of GERS by 9 / 11-related exposures 
within each eligibility group is shown in  Table 2 . Across all the eligibil-
ity groups, higher cumulative incidences of both post-9 / 11 GERS and 
persistent GERS were found among those exposed to the intense dust 
cloud and those who witnessed 3 or more traumatic events on 9 / 11. 
Th ese exposures were common to all groups. Exposure – GERS rela-
tionships specifi c to particular eligibility groups were also observed. 
Th e highest cumulative incidence rates of post-9 / 11 GERS and per-
sistent GERS were found among rescue / recovery workers who arrived 
at the WTC pile on 9 / 11 (33.5 % post-9 / 11 GERS, 25.4 % persistent 
GERS) or worked   >  90 days at the WTC site (30.8 % post-9 / 11 GERS, 
21.8 % persistent GERS), and among residents (23.1 % post-9 / 11 
GERS, 14.6 % persistent GERS) and area workers (26.6 % post-9 / 11 
GERS, 17.9 % persistent GERS) who returned to damaged homes or 
workplaces, respectively, covered with a heavy layer of dust. 
 Th e cumulative incidence of post-9 / 11 GERS increased with 
the number of comorbid conditions (i.e., asthma and PTSD), 
from 13.7 % among those with neither condition to 45.8 % among 
those with both conditions. Th e cumulative incidence of persist-
ent GERS also increased substantially in the presence of asthma 
(12.9 % ,  n  =  670), PTSD (24.4 % ,  n  =  1,521), and both asthma and 
PTSD (35.5 % ,  n  =  902), compared with adults with neither condi-
tion (7.7 % ,  n  =  1,777).  Figures 1 and 2 illustrate the incidence of 
persistent GERS in relation to key 9 / 11 exposure variables, within 
four comorbid strata for both rescue / recovery workers ( Figure 1 ) 
and non-rescue workers ( Figure 2 ). Strong dose – response gradi-
ents are apparent in both groups, and are somewhat steeper among 
rescue / recovery workers. 
 Table 3 presents crude and adjusted RRs for persistent GERS for 
each eligibility group, in those with and without comorbid condi-
tions (history of asthma and / or PTSD), respectively. 
 Rescue/recovery workers 
 Earlier arrival and longer duration of work at the WTC site were 
signifi cantly associated with persistent GERS in bivariate and mul-
tivariate analyses; the highest risks were observed in those who 
arrived on 9 / 11 on the pile and stayed at the site for the longest 
time (  >  90 days). Th e aRRs were greater among the non-comorbid 
group (arrival on 9 / 11 aRR  =  1.6; 95 % confi dence interval (CI)  = 
1.3 – 2.1;   >  90 days worked at WTC aRR  =  1.6, 95 % CI  =  1.4 – 2.0) 
than among the comorbid group (arrival on 9 / 11 aRR  =  1.3; 95 % 
CI  =  1.1 – 1.6;   >  90 days worked at WTC aRR  =  1.4, 95 % CI  = 
1.2 – 1.5). Risk ratios were attenuated aft er multivariate adjustment, 
but remained statistically signifi cant in both the non-comorbid and 
comorbid groups, and continued to display exposure gradients. 
Exposure to dust cloud became nonsignifi cant in both the non-
comorbid and comorbid rescue workers aft er adjustment. 
 Residents 
 Among non-comorbid residents, having been caught in the dust 
cloud was signifi cantly associated with persistent GERS at the 
 “ some ” (aRR  =  1.5, 95 % CI  =  1.03 – 2.2) and  “ intense ” dust cloud 
exposure levels (aRR  =  1.5, 95 % CI  =  1.0 – 2.3) ( Table 3 ). Non-comor-
bid residents who did not evacuate their homes were more likely to 
have persistent GERS than those who did evacuate (aRR  =  1.7, 95 % 
CI  =  1.2 – 2.3). However, exposure to homes damaged with a heavy 
layer of dust was not associated with persistent GERS among these 
residents, aft er adjustment. 
 Among comorbid residents, signifi cantly elevated RRs were seen 
for those whose homes were damaged with a heavy layer of dust 
(aRR  =  1.3, 95 % CI  =  1.0 – 1.6). On the other hand, being caught in 
the dust cloud, and absence of evacuation from home were not 
associated with persistent GERS aft er adjustment for covariates. 
 Area workers 
 Regardless of comorbidity, compared with the crude RR, the risk 
of persistent GERS among those with intense dust cloud exposure 
was attenuated but remained signifi cant aft er adjustment. Similar 
to residents, the aRR for damage to the workplace without a heavy 
layer of dust among area workers was statistically signifi cant for 
persistent GERS in the non-comorbid group (aRR  =  1.3, 95 % 
CI  =  1.02 – 1.6), but the aRR for damage to workplace with a heavy 
layer of dust was not statistically signifi cant for persistent GERS 
in the comorbid group (aRR  =  1.2, 95 % CI  =  0.99 – 1.3). 
 Passersby 
 Intense dust cloud exposure was signifi cantly associated with 
persistent GERS among the comorbid passersby (aRR  =  1.7, 95 % 
CI  =  1.2 – 2.6), but not among the non-comorbid passersby aft er 
adjustment for covariates. 
 DISCUSSION 
 Th ere were three main fi ndings in this study. First, cumulative 
incidence of post-9 / 11 persistent GERS was positively associated 
with higher intensity 9 / 11-related exposures compared with lower 
exposures, and this fi nding was consistent across the rescue /
 recovery workers, local residents, and area workers. Second, 
post-9 / 11 persistent GERS was independently associated with 
9 / 11-related exposures when persons with asthma or PTSD were 
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excluded. Th ird, those highly exposed in non-comorbid group 
were more likely to have persistent GERS than those in comorbid 
group. 
 Th e cumulative incidence of post-9 / 11 GERS in our study popu-
lation was 20.3 % between September 11 2001 and the initial inter-
view held in 2003 – 04. GERS persisted for 64.6 % of those aff ected 
 Table 1 .  Cumulative incidence of post-9 / 11 GERS and persistent GERS among adult enrollees who participated in Wave 1 and Wave 2 
surveys ( N = 37,118) 
  No. of enrollees  No. with post-9 / 11 GERS ( % )  No. with persistent GERS ( % ) 
 Total  37,118  7,536 (20.3)  4,870 (13.1) 
 Source of enrollment    
  List-identifi ed  10,375  1,740 (16.8)  1,094 (10.5) 
  Self-identifi ed  26,743  5,796 (21.7)  3,776 (14.1) 
 Age at enrollment (in years) 
  18 – 24  1,269  138 (10.9)  87 (6.9) 
  25 – 44  17,534  3,596 (20.5)  2,321 (13.2) 
  45 – 64  16,505  3,493 (21.2)  2,278 (13.8) 
  ≥ 65  1,810  309 (17.1)  184 (10.2) 
 Sex    
  Male  21,862  4,446 (20.3)  2,921 (13.4) 
  Female  15,256  3,090 (20.3)  1,949 (12.8) 
 Race / ethnicity    
  Non-Hispanic White  25,134  4,355 (17.3)  2,810 (11.2) 
  Non-Hispanic Black  4,045  1,069 (26.4)  627 (15.5) 
  Hispanic  4,418  1,395 (31.6)  985 (22.3) 
  Asian  2,266  393 (17.3)  234 (10.3) 
  Other  1,255  324 (25.8)  214 (17.1) 
 Household income in 2002 (in US dollars) 
   <  25,000  3,231  827 (25.6)  569 (17.6) 
  ≥ 25,000  30,162  6,052 (20.1)  3,867 (12.8) 
  Unknown  3,725  657 (17.6)  434 (11.7) 
 Education    
  Less than high school diploma  1,423  432 (30.4)  295 (20.7) 
  High school graduates, no college  6,632  1,700 (25.6)  1,197 (18.1) 
  Some college  8,733  2,159 (24.7)  1,435 (16.4) 
  Bachelor’s degree and higher  20,087  3,193 (15.9)  1,909 (9.5) 
  Unknown  243  52 (21.4)  34 (14.0) 
 Smoking status at W1    
  Current smoker  5,427  1,427 (26.3)  943 (17.4) 
  Former smoker  10,312  2,070 (20.1)  1,339 (13.0) 
  Never smoke  21,175  3,999 (18.9)  2,567 (12.1) 
  Unknown  204  40 (19.6)  21 (10.3) 
 Eligibility groups    
  Rescue / recovery workers and volunteers  16,008  3,607 (22.5)  2,464 (15.4) 
  Local residents  5,642  900 (16.0)  537 (9.5) 
  Area workers  13,491  2,648 (19.6)  1,631 (12.1) 
  Passersby  1,977  381 (19.3)  238 (12.0) 
 GERS, gastroesophageal refl ux symptoms; W1, Wave 1. 
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 Table 2 .  Post-9 / 11 GERS and persistent GERS by eligibility group and 9 / 11-related exposures among adult enrollees who participated in 
both Wave 1 and Wave 2 surveys ( N = 37,118) a  
  No. of enrollees  No. with post-9 / 11 GERS ( % )  No. with persistent GERS ( % ) 
 Rescue / recovery workers and volunteers  16,008  3,607 (22.5)  2,464 (15.4) 
  Dust cloud    
   None  10,933  2,114 (19.3)  1,413 (12.9) 
   Some  1,361  332 (24.4)  200 (14.7) 
   Intense  3,130  971 (31.0) b  722 (23.1) b 
  Days worked at WTC site    
   1 to 7 days  5,484  995 (18.1)  649 (11.8) 
   8 – 30 days  4,228  910 (21.5)  625 (14.8) 
   31 – 90 days  2,218  592 (26.7)  413 (18.6) 
    >  90 days  2,633  811 (30.8) b  575 (21.8) b 
  Time of arrival at WTC site    
   9 / 11 — on pile  1,383  463 (33.5) b  351 (25.4) b 
   9 / 11 — other WTC site location  2,295  599 (26.1)  407 (17.7) 
   9 / 12 to 9 / 17  6,479  1,629 (25.1)  1,104 (17.0) 
   9 / 18 to 6 / 2002  5,151  810 (15.7)  531 (10.3) 
  Number of traumatic events witnessed on 9 / 11 
   Zero  8,378  1,474 (17.6)  987 (11.8) 
   1 – 2  3,810  959 (25.2)  643 (16.9) 
   ≥ 3  3,820  1,174 (30.7) b  834 (21.8) b 
 Residents  5,642  900 (16.0)  537 (9.5) 
  Dust cloud    
   None  3,065  377 (12.3)  212 (6.9) 
   Some  1,026  182 (17.7)  113 (11.0) 
   Intense  1,284  281 (21.9) b  181 (14.1) b 
  Evacuation of home    
   Evacuated  3,669  546 (14.9)  318 (8.7) 
   Did not evacuate  1,965  352 (17.9)  218 (11.1) 
  Damage to home    
   No damage  4,036  542 (13.4)  313 (7.8) 
   Damage without heavy layer of dust  680  146 (21.5)  90 (13.2) 
   Damage with heavy layer of dust  919  212 (23.1) b  134 (14.6) b 
  Number of traumatic events witnessed on 9 / 11 
   Zero  1,454  174 (12.0)  106 (7.3) 
   1 – 2  2,039  266 (13.1)  142 (7.0) 
   ≥ 3  2,147  459 (21.4) b  288 (13.4) b 
 Area workers  13,491  2,648 (19.6)  1,631 (12.1) 
  Dust cloud    
   None  4,894  729 (14.9)  403 (8.2) 
   Some  2,464  458 (18.6)  281 (11.4) 
   Intense  5,672  1,359 (24.0) b  875 (15.4) b 
(Continued on following page)
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up to at least 6 years aft er 9 / 11. Our fi ndings are consistent with 
those of a 9 / 11-related screening program ( 27 ) that reported an 
incidence of 18.9 % for indigestion and heartburn symptoms 9 – 15 
months aft er 9 / 11; symptoms were present among 80 % in the 
month before screening. 
 Many of these common and group-specifi c exposures were previ-
ously found to be associated with post-9 / 11 new-onset asthma and 
PTSD ( 16,19 ); hence it is not surprising that cumulative incidence 
of GERS is greater in persons with one or both of these condi-
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No Asthma alone PTSD alone Asthma and PTSD
 Figure 2 .  Cumulative incidence of persistent gastroesophageal refl ux symp-
toms (GERS) by 9 / 11-related dust cloud exposure and comorbid condition 
among residents, area workers, and passersby who participated in both 
Wave 1 and Wave 2 surveys.  * Excluding those with unknown information 
on dust cloud exposure ( N  =  793). PTSD, posttraumatic stress disorder. 
 Table 2 .  Continued 
  No. of enrollees  No. with post-9 / 11 GERS ( % )  No. with persistent GERS ( % ) 
  Damage to offi ce    
   No damage  10,093  1,812 (18.0)  1,088 (10.8) 
   Damage without heavy layer of dust  2,000  464 (23.2)  294 (14.7) 
   Damage with heavy layer of dust  1,384  368 (26.6) b  247 (17.9) b 
  Number of traumatic events witnessed on 9 / 11    
   Zero  1,125  161 (14.3)  89 (7.9) 
   1 – 2  5,615  933 (16.6)  552 (9.8) 
   ≥ 3  6,751  1,554 (23.0) b  990 (14.7) b 
 Passersby  1,977  381 (19.3)  238 (12.0) 
  Dust cloud    
   None  814  117 (14.4)  69 (8.5) 
   Some  414  66 (15.9)  38 (9.2) 
   Intense  684  186 (27.2) b  127 (18.6) b 
  Number of traumatic events witnessed on 9 / 11 
   Zero  154  27 (17.5)  18 (11.7) 
   1 – 2  800  125 (15.6)  75 (9.4) 
   ≥ 3  1,023  229 (22.4) b  145 (14.2) 
 GERS, gastroesophageal refl ux symptoms; WTC, World Trade Center. 
 a The sum under each variable may not be equal to the total number, because enrollees with unknown information were not presented in this Table. 














































History of asthma and/or PTSD
Rescue/recovery workers/volunteers
(n = 14,563)*
Low level of 9/11 exposure** Intermediate High
 Figure 1 .  Cumulative incidence of persistent gastroesophageal refl ux 
symptoms (GERS) by 9 / 11-related exposure and comorbid condition among 
rescue / recovery workers who participated in both Wave 1 and Wave 2 
surveys.  * Excluding those with unknown information on date of arrival and 
days worked at the World Trade Center (WTC) site.  * * Low level of 9 / 11-related 
exposure  =  began work after 17 September 2001 and stayed for 1 – 7 days at 
the WTC site; High  =  worked on the pile on 11 September 2001 for   >  90 days; 
Intermediate  =  refers to all exposures that are by defi nition greater than low 
and less than high exposure level. PTSD, posttraumatic stress disorder. 
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out comorbid asthma or PTSD. Most associations were statistically 
signifi cant and tended to be stronger in the non-comorbid than in 
the comorbid groups, suggesting that the increased incidence of 
GERS is independently associated with 9 / 11 exposures as data in 
 Table 3 suggest. Th e large cohort size permitted separate estimates 
of RRs for exposure – GERS associations in enrollees with and with-
 Table 3 .  Bivariate and multivariate analyses of persistent GERS associated with 9 / 11-related risk factors by eligibility groups and comorbid 
conditions 
  Non-comorbid group ( N = 23,153) a  Comorbid group ( N = 13,965) a 
 Variable 
 Crude risk ratio (95 % 
confi dence interval (CI)) 
 Adjusted RR 
(95 % CI)  b  
 Crude RR 
(95 % CI) 
 Adjusted RR 
(95 % CI) c 
 Rescue / recovery workers and volunteers 
  Dust cloud exposure on 9 / 11 (referent = none)     
   Some  1.1 (0.8 –  1.3)  0.8 (0.6 –  1.01)  1.0 (0.9 –  1.2)  0.9 (0.7 –  1.1) 
   Intense  1.5 (1.3 –  1.8)  1.0 (0.8 –  1.3)  1.4 (1.3 –  1.6)  1.1 (0.9 –  1.2) 
  Days working at the WTC site (referent=1 to 7)     
   8 to 30  1.3 (1.1 –  1.5)  1.2 (1.04 –  1.5)  1.3 (1.1 –  1.4)  1.2 (1.1 –  1.4) 
   31 to 90  1.7 (1.4 –  2.0)  1.4 (1.2 –  1.8)  1.4 (1.2 –  1.6)  1.3 (1.1 –  1.5) 
    >  90  1.9 (1.5 –  2.2)  1.6 (1.4 –  2.0)  1.6 (1.4 –  1.8)  1.4 (1.2 –  1.5) 
  Time of arrival at the WTC site (referent = 9 / 18 to 6 / 2002)     
   9 / 11 — on pile  2.6 (2.1 –  3.2)  1.6 (1.3 –  2.1)  1.8 (1.5 –  2.0)  1.3 (1.1 –  1.6) 
   9 / 11 — other WTC site location  1.6 (1.3 –  2.0)  1.1 (0.8 –  1.4)  1.4 (1.2 –  1.6)  1.2 (1.01 –  1.4) 
   9 / 12 to 9 / 17  1.7 (1.5 –  2.0)  1.2 (1.1 –  1.5)  1.3 (1.2 –  1.5)  1.2 (1.03 –  1.3) 
 Local residents     
  Dust cloud exposure on 9 / 11 (referent = none)     
   Some  1.6 (1.1 –  2.3)  1.5 (1.03 –  2.2)  1.4 (1.1 –  1.9)  1.2 (0.9 –  1.5) 
   Intense  1.6 (1.1 –  2.3)  1.5 (1.0 –  2.3)  1.6 (1.3 –  2.0)  1.2 (0.96 –  1.6) 
  Evacuation of home (referent = evacuated)     
   Did not evacuate  1.6 (1.2 –  2.1)  1.7 (1.2 –  2.3)  1.1 (0.9 –  1.4)  1.2 (0.96 –  1.4) 
  Damage to home (referent = no damage)     
   Damage without heavy layer of dust  1.5 (1.0 –  2.3)  1.7 (1.1 –  2.5)  1.4 (1.1 –  1.9)  1.1 (0.8 –  1.4) 
   Damage with heavy layer of dust  1.3 (0.9 –  1.9)  1.3 (0.9 –  2.1)  1.7 (1.3 –  2.0)  1.3 (1.0 –  1.6) 
 Area workers     
  Dust cloud exposure on 9 / 11 (referent = none)     
   Some  1.2 (0.9 –  1.5)  1.1 (0.9 –  1.4)  1.4 (1.2 –  1.7)  1.3 (1.1 –  1.6) 
   Intense  1.6 (1.3 –  1.9)  1.5 (1.2 –  1.8)  1.6 (1.4 –  1.8)  1.3 (1.1 –  1.5) 
  Damage to offi ce (referent = no damage)     
   Damage without heavy layer of dust  1.4 (1.1 –  1.7)  1.3 (1.02 –  1.6)  1.2 (1.1 –  1.4)  1.1 (0.98 –  1.3) 
   Damage with heavy layer of dust  1.3 (1.0 –  1.7)  1.1 (0.9 –  1.5)  1.4 (1.2 –  1.6)  1.2 (0.99 –  1.3) 
 Passersby     
  Dust cloud exposure on 9 / 11 (referent = none)     
   Some  1.0 (0.5 –  1.7)  1.0 (0.5 –  1.8)  1.1 (0.7 –  1.9)  0.9 (0.5 –  1.5) 
   Intense  1.5 (0.95 –  2.4)  1.5 (0.9 –  2.5)  2.2 (1.5 –  3.1)  1.7 (1.2 –  2.6) 
 GERS, gastroesophageal refl ux symptoms; RR, risk ratio; WTC, World Trade Center. 
 a Sample size varies with different models; enrollees with missing values were excluded from the analysis. 
 b Age at enrollment, gender, ethnicity, smoking status, source of enrollment, number of traumatic events witnessed on 9 / 11, and variables listed for the corresponding 
eligibility group in the table were included in the multivariate analysis. 
 c Age at enrollment, gender, ethnicity, smoking status, source of enrollment, number of traumatic events witnessed on 9 / 11, history of asthma and / or post-9 / 11 
posttraumatic stress disorder (PTSD) and variables listed for the corresponding eligibility group in the table were included in the multivariate analysis. 
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GERS among the exposed is not merely due to or modifi ed by the 
co-occurrence of GERS with asthma or PTSD, but is independ-
ently related to exposures. 
 Several possible mechanisms may account for an independent 
association between 9 / 11 exposures and GERS. First, the ingestion 
of 9 / 11 environmental contaminants may have directly resulted in 
gastroesophageal injury. Ingestion of alkaline materials in the dust 
cloud ( 28 ) was a suggested cause of new or worsening GERD in 
WTC-exposed fi refi ghters ( 29 ). Alkaline cement dust, one of the 
major constituents of WTC dust, has been associated in occu-
pational studies with both adverse respiratory outcomes such as 
asthma ( 30,31 ) and refl ux-like dyspepsia ( 32 ), but the biological 
mechanism is not clear. 
 Even though persons who had exceeded the threshold for 
probable PTSD were excluded, subsyndromal PTSD and 
other psychological distress may have been a mediator in the 
non-comorbid group. In a sensitivity analysis, we found very 
little attenuation of the associations between 9 / 11 exposures 
and GERS when we also excluded persons who exceeded the 
threshold for moderate to serious psychological distress at either 
W1 or W2, as measured by the Kessler 6-item scale from the 
non-comborbid group ( 33 ) (data not shown). In-depth studies 
are required to further elucidate the relationship between 
GERS and 9 / 11 exposure. 
 We acknowledge some limitations in this study. First, use of 
GERS rather than clinically diagnosed GERD may have overesti-
mated the disease in the study population. Because  “ indigestion ” , 
a less specifi c symptom of GERD than  “ heartburn or refl ux ” , was 
asked along with  “ heartburn or refl ux ” , and the questions regard-
ing GERS we used in the surveys were not validated, we might have 
included non-GERS in the GERS group. However, in our subanal-
ysis, nearly 80 % of 4,870 enrollees who had persistent post-9 / 11 
GERS reported at least 4 days of having heartburn, indigestion, or 
refl ux, and 54 % reported at least 9 days of having heartburn, indi-
gestion, or refl ux in a 30-day period. Th e likelihood of including 
non-GERS persons may be minimal. Second, the non-persistent 
GERS group may contain those who had GERS before 9 / 11 but 
did not report any GERS in W1, leading to an underestimate of 
the cumulative incidence of persistent GERS. Th ird, information 
on known risk factors for GERS was unavailable, including obes-
ity, family history, and use of medication ( 34,35 ). Fourth, if enroll-
ees with GERS or with higher levels of 9 / 11-related exposure were 
more likely to participate in W2, we might have overestimated 
GERS. However, the Registry adult enrollees who participated in 
W2 were not statistically diff erent from those who participated 
only in W1, in terms of exposure to dust cloud, traumatic events, 
or injury as a result of 9 / 11 ( 16 ). In addition, among W2 par-
ticipants, the percentage of post-9 / 11 GERS reported at W1 was 
virtually identical to that in W2 non-participants. Fift h, if rescue / 
recovery workers who had ever received services from 9 / 11-related 
medical monitoring and treatment programs for fi rst responders 
were more likely to report persistent GERS, potential detection 
bias may occur. But  “ receipt of 9 / 11-related medical services ” 
did not confound the association of GERS with 9 / 11-exposures 
(data not shown). Finally, any possible tendency to over-report 
symptoms is unlikely to aff ect our fi ndings because we used 
internal comparisons that would likely lead to a non-diff erential 
misclassifi cation of GERS, reducing the observed relative risk 
toward the null value. 
 In summary, we found the incidence of post-9 / 11 GERS to be 
higher in individuals with asthma or PTSD than in those without 
either condition, and highest in those with both comorbid condi-
tions. Although our data are not suffi  ciently sensitive to demon-
strate conclusively the time sequence of these three conditions 
and hence unable to probe causal relationships, they are consist-
ent with prior studies showing a higher likelihood for asthmat-
ics to develop GERD than non-asthmatics  (6), and with studies 
showing an increased propensity for patients with psychologi-
cal symptoms also to report GERD symptoms ( 7 ). Post-9 / 11 or 
persistent GERS may pose a potential burden on healthcare 
resources and likely deepen the impairment of health-related 
quality of life for the WTC-exposed population that was already 
aff ected by other health eff ects arising from the 9 / 11 disaster. 
Clinicians need to be sensitive to the close association among 
the three conditions and the strong possibility that patients with 
9 / 11 GERS may have comorbid respiratory or mental health prob-
lems. Th ey should also be aware of published clinical guidelines, 
for treatment of persons exposed to the WTC disaster, which 
contain recommendations for coordinating physical and mental 
health treatment ( 36 ). 
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 Study Highlights 
 WHAT IS CURRENT KNOWLEDGE 
 3 Excess gastroesophageal refl ux disease was reported in 
several populations exposed to the September 11 2001 
(9 / 11) terrorist attacks on the World Trade Center (WTC), 
and often coexists with asthma, posttraumatic stress 
disorder (PTSD), or other psychological comorbidities. 
 3 There is considerable evidence that asthma and PTSD were 
caused by WTC exposures, but an independent effect of 
exposure on GERD has not been established. 
 WHAT IS NEW HERE 
 3 The increased incidence of GERS is independently related 
to exposure and not simply due to or modifi ed by the 
co-occurrence of GERS with asthma or PTSD. 
 3 The cumulative incidence of persistent GERS increased 
with increasing 9 / 11 exposure; it was higher in those with 
comorbid asthma and PTSD than in those with neither 
comorbid condition.  
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